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A u UK INK modal few a 

(GVHD) »» wed to . 
cytokine* play in thr &rtftitej»»SHt of IttM GVHD. to (Us 
*w<jy wt focused -pa tta rote of M, IL-4» IL-6, 
IFN-y and TNF-s, J>tMly iir»di*«ed (CS7BL X CBA)F1 
mice woe rcauutiuiird ririiw with 10' aflngmete RALB/e 
tpltcn c*Ite »r wt* a *farfle rarahet «f syngeneic edit, 
aa a esontsot A Bipjfteaat dae in uehrta cf BL»6, 

TNI ! -« and KN^r levels warn fcraod in allogconicaUy 
rooiHitiw»te*l mice. TWs J* fa aomatt m the fyngeneic 
control {prowip in which no sise m *eeu. Sermv. IL-2 w4 
Uj-4 levek w«e bsl*w *« dewtiou Ifenh, Is the mjkp 
nrntmat of Cs« A uirouhtaxl splsm cells fivm «Uogenei««My 
immiKiwwd mice IL-6, IW-y and TNF-« i»»ecntradw» 
wchs increased. The expeesaiaa of roXNA far eytoidnat is 



spteen edit. In tW a 

raBNA eapnaiiui of Eb-to, IL-Z, n^fi, IPN-7 ai 
djnp)»f*4 <5»Mer kinedCi comJsswJ with tint " 
reconstkstcd jhios. The «ff«a rfo*K«n«* -with iwsmu- 
MB! cytokine*, antibodica to cytokine* rod t*> cytr4tij»e 
trrapiws on the dcuclopinejrt of G¥fif0 wa» umuigated. 
Admtatawlon of recombinant DLJl (0 «U»g*n«kally re- 
counts w ted mice itcongiy iMteiwed ri»& tnotbiiity »«S 
mortality whcraii injection of IL-la »«d TMP-8 did not 
ittflaotc« rerrwaL Me»Mtiwtl«s af inttowlies ag*fa»* 
or the IL-2 icoeptar decteaied tfae morbidity md 
ux»t*lt«y. Antt-Uvi, awt-IFr*-? suit) suli-TNT « mil, on 
Ar nthrr tamS, did wit **ect the itiixbidity and ruort.iiitj 
of GVHD. The results of Ihit study «igg»l «uooe»«vo 
waves of cy»?kif»-tear*tiag Mil popxlautNit «o«i»WM 
with the induction of Mi isjiiaa-aaatiisv- ttsjxjiwe in the 
development of »cste GVH <UmM. 
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Introduction 

Graft sr. host disease (GVHD) t$ the resplt of 
activation of U»s»plant«4 donor T celli by 
sUointigrns on host tissues, 1 The recognition of 
these oiuigccu by T lytaphocyitj MtkttBS a cascade 
of events which leads to the product ion of cyrokincs 
ami A* expression of their teapots. One of the 
fits* cytokine* pn>da«d by attivated T a£k i* lh2. 
This cytokine enhaaces the erpression of Ae IL-2 
receptor and mducra pruiifentino and »ctiv«tioti of 
T cxHs. z Actiratcd T lymphocytes difet»o«e into 
cdls that produce a -niiptj of cytokines 5 This 
prndurtion of cytokines leads to recruitment and 
scm-ation of other ceil types such as B lyaapboc/tw, 
macropha^B and natacal killer r.eli». 1 ^ Thesr. cell 
types arc involved in the process that lead* to 
dinktlly overt GVllD and tiwuc destruction. 

Recently , it to suggested that in murine iuodeU 
of acotc ami dhrenk. GVHD, the development of 
mute *nd chronic GVHD associated patholojjiail 
changes is tainted to dWerentiol cytokine prodiiD- 
tion by activated T cells.* The subset of T cells 
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activated and their cascades of sequent}*] w 
might be rtiiected b tbe set of cytokiaes that can 

be demonstrated during GVHD. For example, 
while T cell eytofcieo such as IL-4 and lL 10 pity 
important roles in chronic GVHD, no cleat role of 
these cytokines ia acnte smodeis has been 
d«H»nst»«d yrt. 

The number of cytokines such as IL-1. IL-2, 
IPN-y, TNI J -a that ate repotted to play a role in 
expeammta! as well as clinical GVHD (Staidly 
increases.'*"* Tke data from the licemtvus, bowwer, 
are not uneqiurocal. Moreora, otiiy smclcs deal 
with only one particular, cytokine. To improve 
current diagnostic sod therapeutic approaches 
iiuight into Ac sequential involvement or tbe cells 
Am play a role ia GVHD, the cytokiaes they 
produce, their interactions and thek tegukafion, is 
nccoeaiy, 

Thr, authors' preriotts icTestlgatlons into the 
• cellular aspects of -murine GVHD is followed by 
this study of the role of cytokines, using a model 
of acute GVHD in lethilly irradiated recipients in 
which GEM* T all play a predominant mlcP a 
Medium of WJaiproottao - Vol J i S3 
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Far t)i's itutly, sewm «op)es and s _ 
spleeo. cell cutaees were analysed for the pieseace 
of vaciouf eytokirtej, and spleen cell suspensions for 
the expression of mRNA for cytokines. The role of 
these cytokines in morbidity and morality of 
GVHD was flutter assessed by r rearing sdlogeneir- 
ally (econsdtated mice with recombinant cytokines 
and moaoclooJ antibodies to cytokine* ai»d 

Cytokine RXKptfMB. 

Materials and Methods 

Mm.- (CS7BL/Ka x CBA/&ij)Pl Qi-I**) and 
BALB/c (H-Z*) mice were bred at the Department 
of Immunology of rhe Erasmus University. Recipi- 
ent mice wax age matched and 12-18 weeks old 
when entered in ibe experiments. Duntig the 
experiment*, mice were kept two per cage in 
Jigbt-cyUed looto* tnd had access to acidified wMei 
tod pelleted food ad libitmm. 
Wmiim of GVHD: GVH tactions we induced b 
kthally inadtsited (1 0 Gj) mice by i.y. injection of 
!0' alk>g«nck spleen cells within 24 k after 
irradiation. Eradiation was performed in a 
caeriom-lJ? somes (Gtoimacell 40, Atomic Energy 
of Caaada, Ottawa, Canada) with a dose sate of 
1.15 Gy/rairt, Mite were examined dairy for the 
development of signs of GVHD, such as ruffled fur, 
hunched postuw, decreased physics! activity, 
vrairing, skin lesions and diwrhoea, tnd for 
roorttlity. live body weight was determined two Of 
throe times per week during the first 4 weeki after 
GVHD induction. Thereafter the frequency was 
decteiscd depending; on the health states of the 
mice. Mice judged moribund were killed. InxJHtcd 
control mice reconstituted with ayngeneic cells 
survived >250 days without signs of disease. 
Radiation controls died between days 10 and 22- 

Caltutimff ttmm axi lim* milart : Mice were sacrificed 
usmg carbon dioxide. Blood collected by can&c 
pane-Bare was allowed to dot ovemigkt at 4'C and 
centrifugal for 5 rain ifi aa Eppeadolf ceatlifagc 
(kitamuonil Equipment Gompaoy, Necdhsm, 
MA).Serom samples were divided into thquots and 
scored at - 70"C Spleen cdJ suspensions were 
prepared in BSS. Nucleated cdl amccntawwis 
wcte determined with * Coulter Counter model 
23 1 . Viability of the cell suspensions as determined 
by the trypan blue exclusion method was >90%, 
Fot the rtoermi nation of cytokines in spleea crii 
supcraaauts, spleen cells were allotted in RPMI 
1640 tissue culture medium, supplemented with 
10% PCS, g}at»miac and antibiotics according to 
Cleveland */ «/."• A eoncentr&don of 5 x 10 s 
cells/ wdi was seeded in five-fold in 96-wd 
flat-bottom mlcrotitrc plates (Fftlcon BcctotJ 
Dickinson, limeeio Park, NJ) and cultured lot 24 h 
34 Muidiatora ot Inflammation Vol 3 -1994 



at 37"C and 5% CX) Z in the presence of Con A 
(1 jug/ml). The simples were centnfuged and the 
Snperttatants wctc collected and stored in aliquot* 
at — 70*C For each cytokine all »ampies were 
assayed simultaneously. 

PtrrrMumrm rf^mMmt: IL-2, JL-6 wl TNF-a wcrr 
determined in * bioa»ay wing CTXJl-2, B9 *nd 
WEI III 64 (clone 13) indicator cell* KspeetiYcly, as 
described previously.'*" The MTT isuy was used 
to quantilstc the proliferative tnd cytotoxic 
activity.' 5 The procedure was described previously 
with minor modifications. 1 * Briefly, 30 fit MTT 
solatioo (Stng/ml 3<4>diincthyldui2ol-2~yl) 2,t 
diphenyl temzolium bromide (Sigma, St Louis, 
MO, in PBS) -was added to each well. Plate* were 
incited for 3.5 h at 37°C with 5% C0 2 . The 
supernatant was discarded and 100 /it 0MSO 
(Merck, Dstrostedt, Germany) to added to each 
well. The pktes -were monitored on a Titeetek 
Mttltkksn MCC 96-vcil ELISA pkfc reader (Flow 
Laboratories, Ayrshire, Scotland) at a w^eleagth 
of 510 mi. The experimennj values were corrected 
for background value*. TFN-y was determirscd in 
ELISA as described." 

Datetm a/ mXtNA f*r (jttJur.tt: RNA wa» iaokted 
from spleen cell prejwtauoas using guamdiniwm 
tHocyaaate extractioo ki combination with gradient 
centiiftigation on 5.7 M caesium chloride for 18 h 
in an ulu^ccauifuge {Sot vail, Du Pont, Newtown, 
CT) as described. 13 After etbanoi ptecipitation 1 fig 
RNA was used fa a reverse transcriptase rcactioa. 
Por amplification 35 "cycles (1 rain * 94°C for 
denaiBimtioD, 2 min xt 55!C fot annealing aad 3 aiin 
at TTC for primer eitenaon) were performed, 
using » DNA thermsJ cycler (Perkin-Kimer, 
Goixk, The Netherlands). For ail samples sense and 
anti-sciise priaaet sets specific for 1L-2, lT^-f» t 

IFN-y, TNF-cC were used as described," A primer 
set specific fot the housekeeping gene hypox 

auchice pho$pb«tj4yl. ribocyltxinafrraw. (HPRT) 

was used as *n inteinal coatroL 



tftakmtt; Xcconibiair.t cytokines w«e 
»drn:n*t«rd in vim hf S-t injection in tbr. iagainal 
region, in a volume of 0.25-O. S ml. ilecombintnt 
(r) IL-2 was kindly provided by Dr G. MoMner 
(S^odciz Fwschwrigiiostjtut, Wseo, Auatiia). IL-2 
was shown to enhance murine CTLL-2 prolifera- 
tion- based bio-isuy and its actfvliy could be 
Qcutnlized cflectivcly by .addition of »nti-lL-2 
antibodies (S4B6.1). 1 * Hwnan IL-lst was a gift from 
Hofiaaii-La Eoche, Mitdrecht, Tlje Netherkad*. 
Recombinant murice (rim) IFN-y was \ kind gift of 
Dr B, L. Ojtfcu«!i (DNAX Rese»rcti lastitate, Piio 
" Alto, CA). The nuI-L-<S was purchased from British 
BirxechaoJogy, Abingdon, UK. ttvmm iTNF-a 
ww a gift from BASP/Kaoli, Ludwigsha&a, 
Gcnnany. 
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LPS <nJ 4mAali<a: LPS-B (SalaintUa fypbeu 0901} 
nt purctistsed from Difco laboratories, Detroit, 
MI. Mice :txeived a dose of 100 jig i.p. dissolved 
ki BSS.» 

For m vm treatment, tati-IL2 (54B&1), W 
mtl-lL-6 (MP 20F3}," ftHd-IFN-T (XMG «,)" tod 
and-lNF* (XT22)/ 1 producing hybridomas were 
* wed to purify antibodies from.- An inti-JL-ZR 
(PC61) producing hyhridoma was obtained torn 
the Amnion Type Culture Collection. The mAt> 
were purified from ascites by ptotdn G (Picttc 
Europe, Oud Beijetlaod. The Nerheriand*) affinity 
dyomatogcaptoy and mbserjuendy administered by 
i.p, injection in doses up to 1 tng. Rat lgGi in the 
serum of anti-cytokioe antibody treated mice was 

nnined by a Specific EI.JSA. B 
Statistical analysis; Dif&KJlcO between glOups wtB 
analysed using the Student's l-tmt or the 
WilcoxaB-Mao*-Wlutoey statistic. Values of f < 
0.05 "were considered significant. 

Result* 

g | J-««» <j*4»< Amir.- Groups of (C57BL X CBA)F1 

jf I anew we Icthslly itadku&d and reconstituted vkb 

either 10 7 allogeneic BAlJB/c or tO 7 syngeneic 
spleen cells ms coouok Sigus of disease: were 
teectafcle in else allogenelatfly reconstituted mice 
&ob day 6 onwards, whetwts nwitafity occurred 
from day 8 oo wards. Tk mean survival tune of . 
these mice w« 12,5 + 4.9 days. The sycgencically 
tccanstituted mice survived > 250 dap without any 
,sy taptoiB of disease. 

To dranoraamte that T cells wcic involved in the 
pnodotww) of IPN-v, mice (» — 5) were ire»ted 
with a siagle i.p. dose of 100 fig anrf-Thy-1 at Mi 
after recoosriratim with allogeneic or syngeneic 
spleen cclto." Scrum IFN-f kvck at day 1 were 
22 ± 5 Jtg/oal in the allogeneic group, lie scfjtra 
IFN-y Jewels in aad-Thy-1 treated aliogcocically 

reoattitatcd mice were 6 ± 3 /Jg/mi mi oompat- 
able with those of the syngeneic group (4 ± 2 
pg/tol).l These data show that the obsctved scram 
iFN-y was produced by T cells. 

In order to examine the cytokine production, five 
mice from both gtoaps were sacrificed at 1, 2, 3, 4-, 
5, 6, 7, 8 send 10 days ate reconstirution. Scrum 
samples ftora these mice was analysed for the 
presence of IL-2, IL-4, IL4 EPN-y and TNP-c 
Figure 1 A illustrates the 1L-6 levels in serum, which 
increased at day 4 after allogeneic reconstitotion. 
Ftoro day S onward these IL-£ leveJt were 
sigaificaniiy increased < 0,05) compared with the 
sfflgenekfily reconstituted mice In which no rise a 
n,-6 levels wag m Swain IFN-f levels in the 
tOogentkailf reooasttWEcd mice increased at day 4 
with a peak on day S and 6 (Fig, IB), On the peak 
days these levels weac Rgnifkanriy higher (p < 
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0.05) compared with the syngeneic*!! j reconstituxed 
group in which no rise of IFN-f was seen, la the 
allogeneic group, *TNF-« level* were *ignifcc*a:iy 
higher on day 7 oafy when compared with the 
syngeneic control (Pig. 1Q. and- H A lerel* 
were below the detection limit; <Q.l U/ral (data 
not shown). 

Cyttkim m i'plim ttM tw/itrmtiffits: Since cytokine levels 
in the scrota are considered *a indirect reflection of 
the cytokine production in the spfcen, we were 
iatetesred in the cytokine production- by the *pleers 
ceils tfaejiwdtes at various times aft« ioductloft of 
GVHD. Therrfote, lethaUy iriadkted (C57BL.X 
CEA)P1 mice were rcconstimteJ with either 10 7 
BALB/c or syngeneic spleen cells. On days 3, b inrl 
7 aftoc leconititution spieec celLs from three mice 
of each group were calf tired in the presence of Con 
Mtdatntt ol lirtamiiunlon'Val 3-1Q94 3B 
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A. After 24 h culmrc, lords of Kr2, IL-4, IL-6, 
IFN-V md TNF-«£ w«e deterraiBed in the 
fMpetnatants (a => 3). Figure 2 (A-C) shows, that 
IL-6, IFN-t aad TNP-a levels in ftc allogefleicaUy 
reconstituted group were significantly increased 
(p < 0.05) eompiKd with syngeneic »ily fecon- 
etirated mice. White the ptoducttoc of IFN-y and 
TNF-p: were peaking at dsy 5 after induction of 
GVHD, TI^6*productiojj decayed from m Mml 
Ugh produaion at day 3, Prcliraiaayy data 
substantiate these increased productions by finding 
increased frequencies of IL4, IPW-f aod TNF-cc 
secreting ceils using newly dereloped ELLSA 
pJacjoe assays (dst« not shown). 
Daatiim tj rrlokim «RNA ; From both groups of 
mice spleen teU snspeasSoiM were analysed for the 
presence of cytokine mRNA oa days t, 2, 4, 5 «ad 
7 »ftcr fecor.stiiurion mdtcaxing the actual produc- 
tion of these cytokines in raw. Figure 3 shows a 
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typical result of the RT-PCR. analysis of XL- la 
mRNA expression io both «yogt»cfca% and 
ailogeneioilly reconstituted mice, Aliogcacitallj' 
reconstituted mice displayed an early and abundant 
expression of IL-lff starting from day 1 aftei 
rccoastituUDr.. Expression of VL-lX mRNA could 
also be detected in syngeneicaily reconstituted 
animals only by day 7, The results of this analysis 
aw summarized in Tabic 1. 'As shown in Tabic 1, 
in the aflogeatikaliy reconstituted mice oiUNA 
levels of IL-ltt, IL-S md TNF-a -ware detectable • 
from day 1, while mRNA lewis of IL-2 and IPN-7 
were detectable at days 4 arte 5, respectively, bj 
using this RT-PCR Mwiysfe. Until day f these 
cytokines vote not detssctsWe in rbc syngeneicaliy 
reconstituted group. On day 7 the mRNA levels 
were similar in both groups. 

Effcit <tj admmhhvlm of mmhumt ejteJkuKi Based 
upon die espresstoa in the eutly dkwslopmeut of 
GVHD of IL-la, IL-2 and TNF-a these cytokmc* 
were chosen to modulate the developing signs ot 
GVHD, Wt iavestigatod the cftcct of adtuinistxa- 
tion of iIL-Z to (C&7BL x €BA)F1 trace rim were 
ktbally imdJattd *nd iccoostitutcd with W l 
BALB/c spleen cells, The morbidity in both groups • 
was comparable. IL-2 was uajected twice daily at 1 
dose of 50 000 IU, cither from diy* § to 3 or 
altcmati very, from days 6 to 9 after rcconsrjtutioa 
based On the studies of Sykcs ti eL n Tbc results arc 
shown ia Fig. 4A. IL-2 tdiaMsttatioa from days 6 
to 9 resulted ib increased mortality compared with 
the DOti-ttcatcd control group. Howeycr, since the 
GVHD in this experimcDt w»s more cbtoflje th»n 
in Other experiments using the same slmirj 
coiBbinatkwis this is not considered % relevauit effect 
IL-2 iajocriori from days 6 to 9 oa the other hand 
resulted ia a sigaffitaotly increased mortality. 
Treatment with a lower dost of is GOO 1U twice daily 
did not influence the morbidity or morttHty bi tim 
model of GVHD (data not rfao-wrt). 

The effect of iHL-1 was studied after * single 
dose of 400 Jig Of JVU ort <h? - t, 3 01 6, It 
appealed that IL-5(X tfeattsuiot did r.ot fojueocc 
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Yohta 1. rmRNA cxpn**on *» IL-1«t It- -2. 1 1. a. If 



Day* lifter nconsttooon 



(CS7BI x CBA1F1 mice mm bih»% irradiated tweotmlnrted wt* 10' «tie«m«t« (»lo) iALfl/s e 
(syn) «*>!e»r. e«Jii. At ctayg 1, Z. 4 S and 7 aftw meonsllwHon, tooted tptnwi c*ll» a* both a few* w 
for thn expression of tsMUA for IL-1«, 1L-2. 1FN-? and TNF-a (n-6). 
+ « ttrwtgtr Viable sipMl, ± » v»aW>t vtfbto »ion»l - = no vtoibt* per product. 
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the survival (Fig. 4B). The cffo.1 oft sioglc dose of 
2>ig of rhTNF-a was studied rfeer injection on 

cither day — t, 3 or 6. TNF-a adrnitasttMion had 
no effect on the survival (Fig. 3), 
EJirt of fajtttim tf LPS.- h mm injection of LPS is 
known to induce IL l, IL-6 and TNF-a pnxJucrion 
is a time dependent fesMoo. LPS might therefore 
moduhte the course of GVHD * Wc studied 
whether infection of LPS at various dtp sifter 
iEcoastk»tJpn influenced the mortality of CVHD 
k die BALB/c-<C57BL x CBA)F1 strain comMaa- 
tioD in tha* independent txpciimcnt*. la a 
representative enperirnent, groups of twice received 
■ IOC /jg LPS either on day —I, 0, l, 3 ot 6 *f«i 
allogeneic reconstituuou. It *ppewed that the effect 
of LP§ adnatiistratioo w»s dependent on the time 
of injection pg. 5). LPS (id not enhance GVHD 
and motttlity when injected oo ttey t, 3 or 6 afar 
recQostitBtloti. The effect appeared .monger "who* 
the LPS wis administered at a later time poiu *fter 
jsconjtituEjon. la coaoast, injection of LPS on da? 
— I appeared to inhibit GVHD. la lU'ejcpeotaenta, 
a father acute GVHD wts induced in the 
nor)-txcated aJiogenei tally lecswtitiitcd oiicr. 

of wii-cytekiKt mid mlhffkkmi ivuptar kAB: 
(C5TBL X CBA)Fl rnfce were letkally irndiued, 
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naritand {CB7BI x C8A)H •*» 

reconstituted with l(f BAUB/c spteen ceils ar.d 
injected the day after Meonstitation with rat 
antibodies against several cytokines in dose* up to 
1 mg that have been -widely shown to be suifidwt 
to ne«««Kie the respective cytokine activities in a 
variety of systems. Upon treatment with these mAb 
detectable levels (>1 of tat IgG occurred 

for a period up to 14 days (data not shown). 

Combinations of several acti-eytckiae antibodies 
specific for TNP-a, IFN7. and BL-6 did not result 
in, 1 significant increase of the survival. Anti-IL-2 
Mid ami EL 2R mAb, however, did affect the 
development of GVHD. These mAb were injected 
the day »«« tccoftsotaticm. As shown in Fig. 6, 
both mAb were able to enhance the survival 
significantly (p < 0.05). However, moradiry did 
occnt, starting 00 day 38. This indicates that the 
inMbkoty effect of and-lL-2 and anti-IL-2R mAb 
WW only te33Dp©:rwry at the tested. 



Discussion 

The train finding to this study is that "m 
ticwkipkig acute GVHD the production of IL-6, 
1I ! N y tad TNF-a is aignificacdy increased 
although 1L-2 is the crudal cytokine which acts as 
a target for intervention studies. Most trndie* oil 
the role of cytokines fa GVHD deal with only ooe 
particular cytokine. We studied the role of Kveral 
cytokines that ate potentially involved in GVHD, 
by cytokine mRNA express too, analysis of 
cytokines in sow and culture (apetnattiit and by 
w viva ftdministatkwt of recombinant cytokines or 
anti-cytokioc and aoti- cytokine receptor mAb. 
Thes; data substantiate tic important role that 
cytokines play in GVHD** In GVHD, a roLe for 
IL-1, 11,1, IFN-i and TNP-« fqrcoUfle stem') 
has been postulated. 4 "* Since IL-l is produced in 
increasing amount* as clinical GVHD ptogresses, 
Woetiug of 1L4 activity led to nroflgty ettiaoeed 
snryiv*! from GVHD in mice,** Blocking of IL-1 
might interfere with, early T-Ccll activation. 2 la lie 
ra of )rflartW»«etf*¥oi 3-1984 



marine model used, we ktvc cstlict demonstrated 
that CD4"*" T celM pkj a eomiotac role in the 
induction of GVHD.* Here we <«how by anti-Tby-1 
tteatajeat that the production of some cytokines 
'(IFN-y) is depend en: on .T cellt.. la this study 
treatment -with IL-1 die not molt in enhtnt-erl 
symptoms of GVHD, which might be caused by 
the dose osed. On the Other hand, ccmSsrrmg data 
exist in which titatsoent with 10 ,ug II. -1 resulted 
in enhanced nwfviyal in lethallj uwdiatcd and 
allogeoeicallj reconstituted mice. With the devel - 
opment of cytokine EliSA plaque assays increased 
fixqaencies of cytoltine-seercting eelU were ob- 
served in con A stiraniflted spleen cell cultures. 
These data together with the observed low, hut 
relatively constant cytokine production rate pec 
cell, 17 »tgue £ot a higher proportion of IL-6, IFN-y 
and TNF-a secreting Cells in the spleens of mice 
sulfating from GVHD. 

A surprising result was the sequential cytokine 
tnRNA expression specific for the dlogeneically 
reconstituted mice by RT-PCH. analysis. The 
differential kinetics of the cytokine expression 
resulted in early expression of EL-la, IL-6 and 
TNF-« (day 1} •while IL-2 and iPN-r »«e found 
only later (days 4 and 5). to toe syngeneic group 
cytokine gene, cxpiesstdfl •«■« not detected before 
day 7. The kinetics of tbc cytokine wRNA 
exptewion is reflected in the production found in 
Coa A supetnataots far IL4, TNf a and IPN-y. 
The detection of these cytokines in the serum is 
delayed by several days.Thc peak of IFN-? activity . 
coincided with a strong increase in ti»e nambcr of 
CD4* T cells in the spleen 50 and also with DTB 
reactivity, 28 This might Deflect Till activity, as. an 
important event ia the development of GVHD. The 
peak of activity coincided with a strong 
increase in the number of CDS* T cells. 1 ' These 
observations might t elect the wqueatkl- involve- 
ment of acvcjai cell population like activated 
monocytes/macrophage*, OD4 + T ceils and pes- 
slbly CD8 + T cells tad their rptokincs ia os.tr 
modeL 24 While the findings in true study suggest an 
important role for ttMjtiokir.es ia mediating acute 
GVHD, k must be remembered that GVHD k 
initiated by T cells.* 1 * Ford it el, have shown in a 
sponge matrix allograft model that the occurrence 
of IL-6 coincided with cytotoxic T cell develop- 
ment." A number of s niches suggests that also 
TNF-« plays an important role ifl the pathogenesis! 
of GVHD." W5 elevated secerns levels of TNF-a 
preceded clinkat symptoms rf GVHD. A possible 
explanation for the diiicrence beweea the cytnkine 
gene expression and production in the syngcucic 
" and allogeneic grofup could be a higher frequency 
of cytokme-produddg cells ia the allogeneic grocp 
This poisthility 1* currently under investigation So 
far, few stadia have been descrioed aiming at 
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modulating GVHD by ucatment -with recombinant 
cytokines ratter than aari-cytoHae antibodies or 

receptor agonists is w,^ 8 

lie impact of the balance bctweeo Thl and Tb2 
ceils for the induction and pathogenesis of GVHD - 
"is stiE uncicar. Several groups found evidence for 
predotnirraacc of a Th2 response in a model for 
chronic GVHD. 33 - 54 In our model EL-2 tnd IL4 
were not detectable io the serum, possibly as a result 
of rapid eoiwompttoa. However, the iuToSi-anev 
of 11-2 is implicated by; (a) Ac finding of enhanced 
11, 2 raRNA exptwsion after *llogcacic icoor.sdtu- 
tion; (b) the observation that exogenous IL-2 
enhanced the mortality ; and (c) die observation that 
• intHL-2 mi antj-lL-2X mAb we able to decrcate 
the morbidity and mortality of GVHD. Balanced 
ir.ortaikT of GVHD by exogenous IL-2 admiaistra- 
tian was alr-o reported' by oajm. l,B ^ The fact that 
IL-2 administratioc at a later stage (day* 6 to 9) 
enhanced the mortality more strongly than IL-2 
admiowtered daxtog the fin: few days after 
recoflititutioc, suggests that the strongest efteel of 
exogenous IL-2 is exerted on CDS* T cells. 
However, €D4 + T cells are activated and girt rise 
to large amounts of IL-2 only in the early phase of 
GVHD (sauting from day 4), They might be lm 
dependent on exogenous IL-2, since they can 
produce themselves. This IL-2 le«d* to 

expansion of CD8 + T ceils, which is the dominant 
cell population is the development of GVHD. 
Sykcs 0 of. Found that VL 2 treatment gives early 
after allogeneic teconxtkurion eves delayed the 
development of GVHD. 31 This effect was most 
dead-/ found iu dbioofc GVHD and ww dependent 
or. the dose of IL-2. Recently, tKese anchor* weft 
able to dcf»onsl»te that eady IL-2 admirujtratkw 
had mx inhibitory effect on donor T cells. 31 
Apparently, in obi model of acute GVHD pich a 
beneBelal efiect of e*udy IL-2 »dmir>i«tation did not 
occur. The coacept that activation of Thl and Tb2 
subsets led to dUf£cxeriri»l cytokine produetioo and 
subsafoefltly disease associated pathology may also 
underline the varied tnmWemtiaass of GVHD.' The 
balaoce between Thl cells (mcdmting Mammatoty 
md cytotoxic. T cell responses) and Th2 cells 
(involved in httftiowl immunity) will thus do- ' 
lermine the acuteoe** ot chcwtdty of the 
pathologies! changes fa indoced GVHD. 

The administration of LPS, which is known to 
indu*« the sequential production of a cumber of 
cytokines, such as IL-1, IL-6 and TNF-ff, 35 abo 
influenced the morbidity and mortality of GVHD, 
Since LPS injection enhaaeed the development of 
GVHD and mortality the remits sabstaittkte the 
jelevanee of these cytokines dctecrcd io the serum- 
of tltogeneially reconstituted mine. This finding is 
consistent with the hypothesis ot m inflammatory 
cytokine productioa as the common pathway of 



acute GVHD.* 6 During GVHD macrophages 

become primed as the result of the allogeneic 
reaction and subsequent production of TNP-« and 
poasibiy IL-1 is triggered. 25 The earlier after 

Kronsutudoa that the LPS was adaumstered, the 
Jess the mortality "was enhanced. Administration of 
LPS one day before sUogeaeiC rccoradtutiafl even 
delayed the development, of GVHD. We also 
studied the effect of exogenous IL-1 and Hf-f 
administration. However, it appeared that at the 
dose tested, neither IL-1 sux TNF-a iafluccecd the 
survival. It is tempting to sf**iilate that this is due 
to die ptescnee of 1L4 itceptot antagonist sad 
soluble TNF-a receptors U the setam. These 
results, bowrer, COold he compromised by the 
rather acute GVHD in the control mice thctcby 
absenting »me possible activities mediated by 
LPS. Oa the other hand, the dose of LPS used was 
sufficiently high to expect strong hi tlw effects.® 

More insight into the involvement ol cytokines 
in GVHD can also be obtained by studying the 
effect of neutralizing rr.Ah directed to cytokines or 
their receptors. We studied the effect of »ati-lL~6, 
antl-lFN-y and &nti-TNF-a mAb. Even repented or 
combined adwtrsistratiua of these raAb in doses th« 
ate knowa to «tett distioct ia «w effect^'* 31 ^ did 
not influence the morbidity or mortality of GVHD 
in our model. Thus far, most rcporti dcaliog with 
admkjJstjsitifttt of a angle mAb to a patficakr 
cytoBae show that a beneficial effect depeod* on 
co-adrnioisteiriaa of immuxK»SHp|>resswe agents, 
such as cydosporine A. s Abo, in human bone 
tmttow trail ipUunation treatmiait with a mooo- 
clonal witi-TNF-a antibody in combittstion With 
cyclosporin was found » he in effective in 
preventing GVHD ia the major, ty of ca$«. 35 It has 
alio been described that specific lesions, r.g. gut 
lesions, doe to GVHD can improve upon 
anti-cytokioc (aod-IFN-y) treatmeat only, but 
decteased mortality h« not bean iojad. 0 ' It can 
be jprculated that once a GVH reaction h*« been 
initiated, a variety o£ cytokines it teleased f cytokine 
gtonn") which hare overlapping activities based on 
tbc degeneracy la the cyiokiite network. Blocking 
of the activity of only one patticuthx cytokine will 
be indfoctive ia that case. Another possibility is that 
the local amount of cytokine* produced io GVHD 
is so high that evco higher systemic doses ate . 
tequired. Finally, it cannot be exdudod that ia • 
GVHD cytokines other than those studied bete, are 
involved. Recently, IL-Y wti repotted to be 
involved in tumour rejection* 1 whereas 1L--B levels 
' were found to be elevated after liver tramtplanta- 

The observation that acti-lL-2 mAb so ftr is the 
ooly anti-cytoktce mAb that is able to enhance the 
survival 'might be explained by the critical role of 
IL-2 in T ceU activation.* Siroilidy, «nB-IL-2R. mAb 
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wem able to mloce the morbidity and mortality of 
GVHD. It is likely that blockade of the cytokine 
cascade k smst easy dating the induction phuc 
Tbese data poiot to a critical role fot TL-2 as a 
possible uxiJfKittk target m the prevention of 
GVfl. Prelimirwty cbt* in humjMM show also fi 
beasfkiai effect of aiiti-lL-2R tteaeraent in 
GVHD. 42 The tesuhi of wuibq nod cnltm» 
swpefflacant analyses suggest that; 'besides IL2, 
IFN-y and TNP-a ate involved as well. The 
c*serv»t»n that scram llrG, IFN-y and TNF-« 
levels ate elevated, before symptoms of GVHD 
boawne apparent, suggests that catefU evahurion 
of cytokine* kt $ama might be useful for the catty 
drtectioo of GVHD. It has to be stressed, kmever, 
that cicvitioo of cytokine lewis is not icttikted to 
ailoreacctvity but occur? also during bacterial md 
-vital infections aod that determination of cytokines 
at ptrsect «» be used only to support turreat 
diagnostic procedures. 
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